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GEOLOGIE EN MUNBOUW 


AN UNDULATION OF THE RATE OF SEDIMENTATION 
IN SOUTHERN GOTLAND 


F-P. AGTERBERG! 


SUMMARY 


The silurian sediments of Gotland have been tilted 
ca. 13° about a SW-NE axis. Reconstruction of the 
original positions of the strata proves the existence 
of a N-S directed trough, which gradually moved 
towards the east, during the sedimentation. If one 
plots for a certain place the relation between time 
and rate of sedimentation, the resulting line shows 
an undulation (see fig. 5). In this way movements 
ol some viscous matter, for instance magma, beneath 
the basement can occasionally be recorded by the 
sedimentation on top of the basement. 
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I. INTRODUCTION 

According to the detailed studies of Hede, the 
sequence of strata in southern Gotland can be 
divided into the following stratigraphical units: 

Sundre Series 

Hamra Series 

Burgsvik Series 

Eke Series 

Hemse-series. 


1 Geologisch Instituut, Utrecht. 


The Burgsvik Series, according to general 
opinion, is of Upper Ludlowian age. It correlates 
with the Upper Whitcliffe Flags in the type area 
of Great Britain (Hede, 1921; Säve-Söderbergh, 
1941). At Grötlingbo a vertebrate-bearing sand- 
stone layer is found approximately one metre 
below the oolitic limestone which usually forms 
the uppermost part of the Burgsvik Series 
(Spjeldnaes, 1950). Because most authors. now 
draw the boundary between the Silurian and 
Devonian below the Ludlow Bone Bed, implying 
that the Upper Whitcliffe Flags are then the 
uppermost beds of the Silurian, the Burgsvik 
Oolite and the Hamra and Sundre Series on 
Gotland possibly belong to the basal Devonian 
(Downtonian). 

Since it is essential for the interpretation given 
in chapter III that the transitions between the 
successive series really represent time boundaries 
these first will be considered in the next chapter. 


MEETEIESTRAÄATIGRAPHY ZOEFSOUTHERN 
GOTLAND 


a. Upper Hemse and Eke Marls 


The Upper Hemse Series is characterized by 
marly shales which represent a good stratigraphic 
unit. It is terminated by the so-called Dayia 
Flags: a finely crystalline, thin-bedded limestone, 
very rich in Dayia navicula and. Strophomena 
impressa. The whole thickness is less than 10 
rm. In the field it is a very useful guide-layer, 
because of its wide occurrence and characteristic 
development. 


The next-younger Eke Series begins in the 
east with a thin, even layer of phosphorite with 
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glauconite, indicative of a discontinuity between 
he Eke Series and the Dayia-flags. Spjeldnaes 
(1950) here supposed a stratigraphic hiatus. 
This layer is covered by limestones, in which 
some reefs are found. The Upper Eke is formed 
by marly limestone. 

In the west the Dayia Flags directly and con- 
formably are overlain by Eke Marls, which here 
are somewhat fine-sandy and glimmer-containing. 
Limestones do not occur in the western part of 
the Eke arca. No indication of a hiatus is found 
here. In consequence the break in the east, if 
present, is not of great importance. 

The Eke Series reaches a thickness of about 
10 metres in the east to about 14 metres in the 
west. 


b. Burgsvik Sandstone and Oolite 


Not only in the east but also in the west the 
Eke Series is overlain by Burgsvik Sandstone or 
Glay. The Burgsvik Series reaches in the west 
a thickness of about 50 metres, which is known 
by two deep-borings at Burgsvik and at Vam- 
lingbo. Towards the east it thins out rather 
rapidly. 

The Upper Burgsvik over its whole area shows 
a great number of characteristics which point to 
a deposition in one and the same shallow-water 
facies. 

Near Burgsvik in the sandstone a fold-like 
structure occurs with a W-E directed axis. In the 
northern limb dips, up till 10° toward the norch, 
occur; in the southern limb we see dips in the 
opposite direction. The breadth of this structure 
is more than 100 m. 

Munthe (1910) supposed a later tectonical 
origin of this "folding”. However I have found 
that the layer of oolite on top of the sandstone 
normally has a thickness of about 1,5 m, but 
wedges out to about 0,5 m at the top of this 
structure. Such a wedging out is a primary phen- 
omenon, and in consequence it has not a tec- 
tonical origin. The oolite has been laid down on 
a surface already containing the structure. 

The axis of this structure at Burgsvik has a 
W-E direction, parallel to the ripple marks at 
this place, described by Hadding (1929). Mun- 
the reports another “fold” with a S-N directed 
axis, west of Fide, some kilometers to the north. 
Mechanically a case of two simultaneous folds 
with axes that are perpendicular to each other 
is impossible. A compression during orogenesis 
only has one direction at the same time and the 
same place. Moreover, in Gotland there are no 
indications for folding at all. 

At Uddvide still another abnormal western dip 
occuts. In a quarry about 20 m east of this point 


the strata are horizontal; about 30 cm below the 
transition from sandstone to oolite a layer of clay 
occurred with a thickness of about 5 cm. About 
60 m SSE of this place the top of the clay is 
situated 30 cm below the oolite too; its thickness 
at this place is 35 cm. At Uddvide the layers also 
wedge out towards the top, a structure that 
resembles that of Burgsvik. 

These large primary dips, up till 10°, are 
found in the whole Burgsvik. The influence on 
these dips of a later tilt of ca. 42° about a NE 
directed axis can be neglected. All directions of 
strike occur, but a line can be drawn connecting 
all measurements (see fig. 1). Two directions, 
W-E and S-N dominate in this line. 

In the south, at Valar, the direction is S-N; 
along the shore of Burgsviken the direction of 
strike bends towards the E. The so-called “fold- 
ing” of Burgsvik occurs at the side where the 
line sharply turns back to a northward direction. 
The structures, west of Fide and Uddvide, have 
been mentioned already. ENE-strikes occur south 
of Grötlingbo; on Grötlingboudd the direction is 
to the east, with dips to the north as well as to 
the south. On the island Innerholmen yet another 
turning to a S-N direction takes place. 


The explanation of these changes in strike of 
the Upper Burgsvik outcrop is found in the po- 
sition of the coast at the time of sedimentation. 
During the whole Upper Silurian Gotland was 
under the influence of a mainly NE directed 
basin, and the present site of the island was at 
its margin. 

During the Upper Burgsvik, after a regression, 
the sinuous coast was situated in southern Got- 
land. Broadly spoken it had a NNE direction. 

The ripple marks (“oscillation ripples”), found 
at Valar by Manten (personal information) and 
at Burgsvik by Hadding (1929) in both cases 
are parallel to the reconstructed coastline. 


As to the so-called “folding-structures” of Burgs- 
vik and Fide the following remarks can be made. 
Large offshore bars parallel to the coast are a 
common phenomenon in front of sandy coasts. 
An analysis of many sections by Johnson and 
experiments by Timmermans (1935) proved the 
correctness of the theory of de Beaumont that 
waves erode a shallow sea-bottom and try to 
form an equilibrium in the shape of an offshore 
bar parallel to the waves. The waves are drawn 
parallel to the coastline by the slope of the sea- 
bottom; the maximal angle between axes of waves 
and a coastline is about 15° (Timmermans, 1935, 
pP: 299). On dips we read that for instance the 
offshore bars at Long Beach (New Yersey) de- 
monstrate common dips of 6°—8° (13° is pos- 
sible too) (Timmermans, 1935, p- 298). 
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In southern Gotland all circumstances to form 
offshore bars were present: a coast with shallow 
water, a flat seabottom, waves, and sandy mate- 
rial. It is therefore probable that the above men- 
tioned “folding-structures” are silurian offshore 
bars, parallel to the coastline ?. 


2 The breadth of more than 100 m excludes the 
possibility of normal submarine bars and current 


ripples. 
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The course of the silirian coastline from Ho- 
burgen to Valar in the south will be reconstructed 
in chapter III. Its position west of Burgen is 
unknown. The possible bending of its course 
towards the NE was deduced from the direction 
of a foreset-bedding in a crinoidal limestone at 
Burgen which had possibly a direction of slope 
perpendicular to the coast. 

During the following transgression the coast- 
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line moved in a NW direction, that is in the di- 
rection of the Burgsvik land on account of the 
fact that the subsequent sediments are deep-water 
deposits (see II, c). 

The shallow-water indications in the Upper 
Burgsvik can be summed up as follows: 

(1) erosion channels (for instance at Hobur- 
gen), 

(2) cross-bedding (in sandstone at Hoburgen 
and in crinoidal limestones at Burgen), 

(3) ripple marks, 

(4) offshore bars, which alow the reconstruc- 
tion of the Upper Burgsvik-coastline, 

(5) formation of oolites, 

(6) rounded pebbles of oolite in the sandstone 
and in the oolites, 

(7) sorting of the partly rounded fossils at the 
transition from the sandstone to the oolite- 
deposit, 

(8) clay as a “wad”-deposit, 

(9) possible tidal channels, 

(10) local shell accumulations, 
(11) a high percentage of lamellibranchs with 
thick shells. 


c. Hamra and Sundre Limestones 
Everywhere the Hamra Series starts with the 


so-called Girvanella Limestone, more or less rich 


in Girvanella (“Sphaerocodium”). The Hamra Se- 
ries reaches its greatest thickness in the east. The 
total thickness of these limestones can be assessed 
by direct obervations only in the SW, viz. at the 
steep cliffs of Hoburgen, where it reaches a thick- 
ness of about 20 to 25 metres. Here a great part 
of the series is built up by reefs. These Hamra 
reefs did not rise more than a few metres above 
the stratified sediments around it. Laterally ex- 
tending reefs expanded over sediments which 
were deposited at about the same time. At some 
places the reef limestone interfingers with adja- 
cent deposits. Thus it appears that at Hoburgen 
the total thickness of the Hamra Series is only 
a few metres thicker than at these places where 
no reefs occur. Without reefs its thickness should 
not have surpassed 20 m. 

The Hamra Series is overlain by crystalline 
crinoidal limestone, forming the Sundre Series 
which shows a great impoverishment in fauna 
with regard to the Hamra Series. 


d. Dip of strata 


The series of strata in Gotland shows a general 
dip towards the SE. Hede (1921) already remark- 
ed that the silurian sediments as a whole have 
been tilled ca. 0°30’ about a SW-NE axis. 

The mean dip of the layers in southern Got- 
land can be ascertained by means of their out- 


crops on the geoligical map and the deep-borings 
of Burgsvik and Vamlingbo. From the outcrops 
of the Eke Series to the outcrops of the Sundre 
Series, which normally strike toward the NE, 
the average dip is 0°23’ towards the SE. 


II. THE UNDULATION OF THE RATE OF 
SEDIMENTATION IN TIME 


a. Possible explanations of the variations of the 
thickness of strata 


From the geological map and the borings it 
is evident that the Burgsvik and Hamra Series 
wedge out, the first in an eastward and the 
second in a westward direction. There are three 
fundamentally different possibilities to explain 
this curious fact. 

(1) The Burgsvik Sandstone and Oolite and 
the Hamra Limestone wore all sedimented simul- 
taneously, representing different facies of one 
and the same time-rock unit. The contacts of 
these different facies are not time boundaries. 

(2) As the coast crossed southern Gotland 
during Upper Burgsvik time, with land at the 
westward side, a delta was formed with a pri- 
mary dip towards the east. With the Hamra 
transgression all primary relief was levelled, so 
that in the west less Hamra Limestone were laid 
down. The contact then would be a time boun- 
dary. 

(3) During the formation of the sandstone 
the basin descended strongest in the west near 
to the coastline of that time. In course of time 
this belt of maximal descent moved eastward, 
so that the sandstone is thinner there and cover- 
ed by a thicker Hamra Limestone. The contact 
would then also represent a time boundary. 

Possibility (1) was followed by van Hoepen 
(1910), but the transition certainly is a time 
boundary, as is proven in the preceding chapter. 
We also found that the Upper Burgsvik as a 
whole was horizontal during its deposition. In 
Grötlingboudd and Burgen-Närsholm the sea was 
shallow as it was at Hoburgen and Burgsvik. 

Possibility (2), a delta, cannot be true, because 
of the indications for shallow water, found in all 
exposures of the Upper Burgsvik. Indeed at 
Grötlingboudd there was the same coastline as 
at Hoburgen. 

It follows that the solution has to be found in 
possibility (3) as will be discussed in the fol- 
lowing paragraphs. 


b. Reconstruction of the position of the strata 
before the tılt 


Figure 2 is an outline map of southern Got- 
land. On this map the contact between the Eke 
and Burgsvik Series and the contact between the 
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Hamra and Sundre Series (in the next pages EB 
and HS) were drawn as the lines of intersection 
between these planes and sea level. The contact 
between the Burgsvik and Hamra Series (called 
BH) is-also marked in this way, eliminating the 
large primary dips of the offshore bars. 

The NE strike is the normal one on Gotland; 
it is due to the later tilt about a SW-NE axis. In 
general therefore the line of intersection of the 
contactplanes between the series of strata such 
as EB and HS with sealevel is striking SW-NE. 
The line of intersection between BH and the sea- 
level is approximately also straight. For this 
reason BH was probably a flat surface when it 
was tilted. If it was a curved surface at that time, 
pq (fig. 2) would be a curved line. 

The total thickness of the Burgsvik and Hamra 
Series together amounts to about 90 metres. In 
the scheme (fig. 2) the Sundre sediments lie on 
the Burgsvik Series at #, where the Hamra Lime- 
stones wedged out completely. Likewise there is 
no Burgsvik Sandstone at g, where this sandstone 
wedges out. This construction agrees fairly well 
with the real facts (see III, c). 

We are interested in the strike and dip of BH 
before the tilt of 23 minutes (see I, d). Quali- 
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tatively this position of BH is represented by 
block-diagram A (fig. 3), where BH is shaded. 
The later tilt and ersion till the present sea-level 
is shown in block-diagram B also by a shaded 
plane, which have to be imagined in a horizontal 
position. The lines in this new plain give the 
present situation on Gotland. It is evident that 
due to the tilt the angle a, the original angle 
between the strike of BH and the axis of tilt, is 
larger in A than than ß in B, ß being the present 
angle between the strike of BH and the axis of 
tilt. When a plane is tilted, the angle between 
its strike and the axis of tilt is diminished. In 
consequence, the present NNE direction is not 
the strike of BH before it was tilted. 

Qualitatively we have now a clear picture of 
the structure and so we will tty to reconstruct 
more exactly the position of BH before the strata 
were tilted. At first figure 2 will be controlled. 

Construction A. Because BH is a flat 
surface the wedging out of the Hamra Series 
towards the W is linear. This thinning out is 
given by the angle between pq and pe. This 
means that the ratio of the parallel lines de 
through Hoburgen and abc through Vamlingbo 
equals the wedging out. ac = 7,4 km and de = 
4,4 km. The ratio ac:de = 1,7. 

The boring at Vamlingbo was made at 5, here 
the thickness of the limestone amouts to 40 m. 
At d (Hoburgen) Munthe gives 20—25 m (see 
I, c). The ratio ac: de = 1,7 is indeed equal to 
the thinning out: 40:22 = 1,8. 

Schematically at q the Burgsvik Sandstone was 
taken as zero metres. At Burgen the thickness 
of the Lower Burgsvik amounts to about 5 m; in 
consequence in the east the Hamra Limestone 
does not ly conformably on the Eke Marls. 
However, this small deviation of the facts from 
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the simplified map, on which no sandstone at all 
is assumed near g, is of no significance for the 
following construction. 

Construction B. ab 2,5. km...Ihe 
contact BH at b occurs 25 metres below sealevel. 
Therefore the present dip of BH is 0°34’ ESE. 
ar = 9 km; BH here will occur at ar/ab X 25 m 
— 90 m below sealevel. Because r is situated near 
pc, the bottom of the Burgsvik (+ Hamra) 
Series is approximately 90 m below sealevel at 
this place. The construction shows that this 90 m 
entirely consists of Hamra Limestone. In conse- 
quence r is a point on the line where the Burgs- 
vik Series has entirely wedged out. q was such a 
point too. The conclusion is, that the Burgsvik 
Series thins out in the W-E direction, perpen- 
dicular to gr. This wedging out of 90 m occurs 
over a distance of 17 km, that is the distance 
of p from gr. 

This ratio is a first approximation, but the 
construction is influenced by three insufficiently 
exact data: (1) the relatively great dips of the 
strata in the synsedimentary offshore bars north 
of Grumpviken( ag on fig. 2), (2) the Burgsvik 
Sandstone does not wedge out entirely at g, 
(3) the constructed point r does not coincide 
exactly with pc. Therefore another construction 
will be given as a control. 

Construction C. For the following con- 
struction only the area south of the place Valar 
will be used, where no disturbing primary dips 
occur. The usual simple construction is that of 
the stereographic projection. But on Gotland the 
very small dips (fractions of one degree) exclude 
exact constructions in this way. For small angles 
a new method will be developed now, which can 
be used rapidly and very exactly. 

Vector-analysis learns that two infinitesimal 
rotations about two different axes can be jointed 
to one rotation about a fixed axis. Axial vectors 
give the amount of rotation. If we see the system 
as a right-turning screw, such an axial vector 
has a fixed direction along the axis. In conse- 
quence the addition of infinitesimal rotations is 
like the addition of vectors 3. 


Our problem is the following one. Before 
tilting the contact BH dipped x’ in a certain 
direction, this corresponds with a rotation of x’ 
about an unknown axis from a horizontal posi- 
tion. Next, a tilt of 23’ about a NE axis has to 
be added. The sum is 34’ about a NNE axis, 
that is the present dip at b according to the Vam- 
lingbo drilling. Fig. 2 (right, lower corner) shows 
that the primary dip was 15’ E4. 


® The preceding is proved in many elementary books 
on physics and mathematics, for instance Sommer- 


feld (1949). 


It appears from both constructions (B and C) 
that the primary strike of the contact BH was 
S-N. 


Construction D. There is a good check 
to this result, because — as we shall see in III, d 
— the silurian coastline must have had a course, 
by preference parallel to this S-N strike (see 
fig. 1). 

Fr dip of BH is somewhat less certain than 
its strike before the tilt. The 0°15’ determined 
according method C seems quite probable. This 
corresponds to a wedging out of 90 m over a 
distance of 20 km. In method A we used a ratio 
of wedging out ac:de = 1,7 or ap:dp = 18. 
This ratio of wedging out has to be supplemented 
by a strike in order to obtain the value of the 
dip. If we take the strike N 712° W of construc- 
tion C (see fig. 2, right, lower corner) the 90 m 
Hamra will wedge out over 23 km. The result 
of method B was 90 m over a distance of 17 km. 
This disparity is not serious. Since we used more 
or less independent methods of construction the 
assumption of a dip of 90 m over a distance of 
20 km seems to be a rather good mean value. 


c. Properties of the undulation of the rate of 
sedimentation in time 


In the section (fig. 4) the dates of Hoburgen, 
Vamlingbo, Burgsvik, and Burgen are projected 
along the original strike of BH on a W-E sec- 
tion, which gives their right position before the 
tilt of 0°23”. Fig. 6 is this W-E section, idealized 
according to principles which will be discussed 
in this paragraph. It appears from fig. 6 that 
abnormally thick strata were deposited at a cer- 
tain time in a S-N belt with a width of 20 km. 
Thus we must conclude that there was a S-N 
directed trough, which gradually moved towards 
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* Very small rotations can be called infinitesimal. 
But probably in the tectonics on Gotland no pure 
rotations occurred but vertical movements. The tg 
and sin of an angle of 2° are still the same to 
four successive decimals. This means: for an angle 
of 42° it does not matter if there is a pure rotation 
about a NE axis or an incraesing subsidence in a 
SE direction with the same affect for the dip. 
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the east. The width of the trough is the same as 
the width of the thicker parts of the sedimentary 
sequence. 

The borings of Vamlingbo and Burgsvik to- 
gether give the whole profile from Hemse to 
Sundre Series. In diagram 5 the relation is shown 
between the rate of sedimentation and time at 
this place. For convenience all series are given 
the same length along the time-axis. The rate of 
sedimentation is called normal (n), when it does 
not differ from any other point of the basin, 
apart from those with an abnormal rate of sedi- 
mentation (a), which are situated in the local 
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trough. The ratio a:n = 10, on account of the 
fact that ca. 50 m sandstone and clay at Burgsvik 
probably correspond to ca. 5 m at Burgen. 

The sideward movement of the trough is rec- 
orded by the differences in thickness of the 
strata and by the abnormal strikes of the outcrops 
on the geological map (fig. 1). At Vamlingbo- 
Burgsvik possibly an abnormal rate of sedimen- 
tation commenced during Upper Eke time be- 
cause: (1) the thickness of the Eke Series is 14m 
here, that is 4 m thicker than at Burgen, where 
evidently normal sedimentation occurred during 
Eke time (see the strike of EB in fig. 2), (2) at 
Näsudden, the peninsula NW of Burgsviken, the 
contacts between Hemse and Eke and between 
Eke and Burgsvik Series change from a NE to a 
NNE strike. 

At Vamlingbo-Burgsvik a normal rate of sedi- 
mentation (n) returned during Upper Hamra 
time, because the outcrop assumes a normal NE 
direction. The rate of sedimentation apparently 
shows an undulation from Upper Eke to Upper 
Hamra. 

Figure 6 schematically gives the structure of 
the cross-section if the rate of displacement of 
the trough is constant. The latter is an important 
value; it is given by cotg 9. The value of this 
rate of displacement is: km to one metre sedi- 
ment, as unit of time; p being the angle between 
the horizontal and the centres of the parts of 
maximal sedimentation of the successive series 
(fig. 6). 

The strata in the trough, like the Upper Burgs- 
vik in southern Gotland, were laid down hori- 
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zontally. These strata obtained a dip a (a = 15’, 
see III, c), because of the relatively greater sub- 
sidence of the basin to the east. 

From fig. 6 the relation between y, a: n, and a: 


a:n —cos« 
cotgp = 
sin « 
can be derived by simple trigonometric methods. 
When « is small this relation means that 
a:n—1 
cotgp = 
tga 
or the rate of displacement equals the ratio of 
increase of sedimentation less one, divided by 
the tangent of the dip of the strata which were 
laid down in the trough. As a result of this for- 
mula a rate of displacement of about 2 km/m 
sed. is found. 

The formula is more exact than the argumen- 
tation given earlier in this paragraph, which said 
that during Upper Eke time the undulation artiv- 
ed at Burgsvik combined with the fact that is 
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arrived at Burgen during the Upper Burgsvik, 
because the Upper Burgsvik Series reaches the 
same thickness of about 7 m in Burgen and 
Vamlingbo-Burgsvik. In consequence the Upper 
Burgsvik Series has been laid down in the trough 
at both places. The component in the W-E direc- 
tion of the horizontal distance between Burgsvik 
and Burgen is about 15 km and the normal sedi- 
mentation produced 5—15 m of sediments (see 
fig. 4). The rate of lateral displacement therefore 
is 1—3 km/m sed. 


d. On the origin of the sideward shifting undu- 

lation 

The development of the sedimentation in 
southern Gotland has been described as the result 
of an eastwards shifting trough of subsidence, 
combined with an abnormal thickness of sedi- 
ments. Another possible method of description 
is that of a moving flexure. It is obvious that all 
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"points west of the trough had moved down 90 m 
with respect to the points east of it (fig. 7). 

A coastline tries to be parallel to the axis of 
differential vertical movements, so that the prin- 
cipal NNE direction of the coast was resolved in 
two components: parallel to the trough (S-N 
direction) and perpendicular to it (W-E direc- 
tion). 

The hinge-zone along which movement took 
place moved toward the east. The layers were 
bent along this hinge-belt, which had a width of 
20 km, and then straightened after it had passed 
them (fig. 7). 

This Gotlandic example of a sidewards moving 
hinge-zone can be compared with an analogous 
phenomenon in NW-Germany. Sidewards move- 
ments of salt were studied by Trusheim in 1957. 
His „primäre Randsenken” are due to the 
squeezing out of salt towards a „Saltzkissen” (fig. 
8; fig. 18 of Trusheim, 1957. Here we find a 
sidewards moving trough or hinge-belt too, but 
the dimensions are different, as is shown by the 
following table 5. 


Gotland Gorleben Ratio 
Width of the trough 20 km 10 km 2ER 
Thickness of the layer 90m 2m 141520 
Grade of the flexure 
De 18220 10:55 145 
Increase in sediment- 
ationl= an... 10 1083 
Rate of displacement 
— EEE Mr EOBE 2km/m sed. 10 m/msed 40:1 


The low regular grade of the flexure in sou- 
thern Gotland pleads for a greater depth and 
lower viscosity of the material that probably 
flowed below Gotland during sedimentation. The 
difference in the rate of sidewards moving hinge- 
belt demonstrates a lower viscosity too. 


This viscous matter, presumably magma, could 
not escape upwards, but on account of a basin- 
ward loadgradient it was squeezed out with a 
large horizontal component of flow direction. 
Perhaps this magma was intruded in connection 
with the Caledonian orogenesis. 


The preceding pages aimed at demonstrating 
that movements of viscous subsurface matter (for 
instance magma) can be recorded by the sedimen- 
tation at the surface. 


5 To compare the rate of displacement = cotggy in 
Gotland and Germany the absolute rates of sub- 
sidence of the several basins have to be known; 
at rough approximation the amount in Gotland is 
500 m during 50 million years (Gotlandium) and 
in Germany 500 m during 10 million years (Rot- 
liegendes, Trias, and Jura). In consequense the 
amount of 10 m/m sed. (rate of displacement) has 
to be multiplied by a factor 5, before comparison 
is possible. 
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TWO INTERESTING UPPER PLEISTOCENE MAMMALIAN REMAINS 
FROM THE WESTERSCHELDE 


P. KRUIZINGA 


I. A FOSSIL MANDIBLE OF CANIS LUPUS LINN. 


Among the fossil bones dredged up from the 
bottom of the Westerschelde near Ellewoudsdijk 
mentioned in a previous paper (Kruizinga 1957) 
is also a left ramus of a mandible of a member 
of the Canidae. The dimensions prove that it 
must be either a bone of a wolf or of a large 
dog. 

As to the fossil Canidae in this country the 
conditions are very much different from those 
for the mammoth, rhinoceros, Crocuta crocuta 
spelaea and other animals that became extinct 


‚at the end of the Pleistocene or disappeared from 


these regions. The wolves indeed were numerous 
in this country during the Middel-Ages and as 
IJsseling and Scheygrond (1943, p. 323) stated 
some even have been killed here in the 19th 
century. In the Pleistocene and already at the 
end of the Tertiary most probably they were 
numerous in NW-Europe. 

Bones of the oldest dogs of NW-Europe were 
those of Canis palustris Rütim. They have been 
collected in the Kjökkenmöddings and on the 
sites of the lake-dwellings in Switzerland. Older 
yet is said to be Canis poutiatini Stud. from the 
Russian Neolitic times (Weber, 1928, p. 326), 
and also one from the Azylian from the North. 
In the Netherlands parts of the skeletons of many 
dogs came from the artificial mounds in the 
northern provinces. 

Moreover yet another fact is very important. 
The skeleton of a wolf and a dog are not very 
much different. Some points of difference have 
been cited in literature, e.g. by Reynolds (1909, 
p. 22), but it becomes very difficult indeed to 
decide from the characteristics of a fragment of 
a mandible, as we have to deal with here, whether 
it belongs to a wolf or to a dog. It seems neces- 
sary to establish the age of the fossil and the 
original size of the animal. 

The amount of fluor shows that the mandible 
cannot be older than the Tubantian or Late 
Pleistocene as Prof. Van der Vlerk kindly inform- 


ed me on account of a skiagram made by Mr. 
Verhoorn of the Geological Institute at Leiden. 
It might be younger, but it seems improbable 
that it is of post-Pleistocene age. Against an 
post-Pleistocene age first of all pleads very 
strongly the state of preservation of the bone and 
its colour. It is rather dark brown, similar to the 
bones of those animals that certainly lived in the 
Pleistocene. 

Furthermore the oldest dogs were not as large 
as the present specimen must have been. It has 
been only a little bit smaller than a full-grown 
wolf and a large dog. Max Weber (1904, p. 541) 
stated that Canis palustris Rütim. of the Swiss 
lake-dwellings had about the size of an average 
sized retriever. According to the same author 
the poodle as well as the larger huntsman’s dogs 
and the shepherds dogs are descendants from 
Canis familiaris optimae-matris Jeitt. that lived 
in the Bronze Age. 

Van Giffen (1927) stated that the dogs of the 
Kjökkenmöddings do show only very little varia- 
tion and a curve of the dimensions of the mandi- 
ble proves that only dogs collected in the mounds 
and recent dogs have mandibles longer than 165 
mm; the dimensions of the mandibles of older 
dogs were always smaller than those of wolves. 

Originally the length of the mandible from 
Ellewoudsdijk may have been about 180 mm, the 
mandible of a full-grown wolf (Cat. no. C of the 
Museum of Natural History at Leiden) measures 
197 mm and that of a recent large dog (Cat. no. 
Uu of the same Museum) measures 185 mm. 
The length of the carnassial of the fossil mandi- 
ble is 29,6 mm and therefore it is considerably 
longer than those of all the old dogs measured by 
van Giffen. The length of the carnassial of the 
wolf mentioned above is 30,5 mm and that of 
the large dog even 31,6 mm. 

The characteristics of the bone show that it 
belongs in all probability to the Young Pleisto- 
cene and as the measurements point to a large 
animal it seems rather certain that the mandible 
is from a wolf. As far as is known, it represents 
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the first find of a fossil wolf from this country. 

The mandible has not been completely preser- 
ved. The hindmost part with the angle, the con- 
dyle and the coronoid is missing. On the inner 
surface the inferior dental foramen is still pre- 
served. In front there is yet the mandibular 
symphysis, but all the insisors are missing to- 
gether with the greater part of their alveoles. 
The canine has been damaged, part of the left 
side of the crown being broken off. The charac- 
teristic feature of the enamel is clear, especially 
the thickened narrow strip along the right side 
of the front part of this tooth and the cingulum 
along the base of the enamel cap. They are 
similar to those of the canines of recent wolves 
and dogs. This tooth is slightly recurved and its 
tapering root is 29 mm long. The border of its 
alveole is not quite complete. 

The hindmost of the premolars (P,) is broken 
and only the hindmost of its two roots is in its 
alveole. The last molar (Ms) has gone lost com- 
pletely. All the other molars and premolars are 
preserved. They are more or less worn down, 
especially the first two molars (M, and Ms) 
show this clearly. The carnassial (M,) is broken 


Distance from the back wall of the alveole of the 
canine up to the fore wall of the inferior dental 


Ellewoudsdijk 


in two parts by a rent that runs over the largest 
cusp. 

The dimensions of the mandible as well as 
the wear and tear of its teeth confirm the sup- 
position that it must be from a full-grown ani- 
mal. It is only a,little bit smaller as the aequi- 
valent part of the full-grown wolf referred to 
above. The teeth of this mandible are by far not 
as much worn down. 


As the original length of the mandible can 
only be estimated a few measurements of the 
preserved part will follow here together with a 
few measurements of a mandible and the teeth 
of a recent wolf, of a recent dog and a fossil 
wolf from Torbryan Cave, Torquay, figured by 
Reynolds (1909, plate 5, fig. 2). 


II. A RIGHT MAXILLA OF A LION 


A rather small, but very characteristic part of 
the skull of a lion has been dredged up from the 
bottom of the Westerschelde near Ellewoudsdijk 
together with many other fossil as well as recent 
bones. It is a fragment of a right maxilla, and 
connected with it is a small fragment of the 


wolf 
recent spec. 
Leiden Mus, C 


wolf 


dog 
fossil spec. 


recent spec. 
Leiden Mus., Uu 


Nor NEN 121 mm 130 mm 131 
Distance from the back wall of the alveole of the 110,3 Er 
canine up to the back wall of the alveole of M3 101,2 mm 111,9 mm 36,5 mm 
Vertical dimension of the mandible behind the canines 27,3 mm 26,5 mm 
wolf 
Be ea ip ee 
\ . =. (Reynolds, 1909, HECSHEESDEER 
Leiden Mus, C \ Ellewoudsdijk pl. 5, fig. 2) Leiden Mus., Uu 

Pı length 6,1 mm 6,3 m 
Pı transverse 57 mm 5,2 — A x = 
Pa length 13,4 mm 12,3 mm 12,6 mm 13 mm 
P2 transverse 6,7 mm 6 mm 6,4 mm 
Pelanch 14,6 mm ! 143 mm 14,1 mm 142 Dr 
P3 transverse 6,8 mm 6,7 mm ä mm 
P4 length 16,5 mm 16,6 mm 16,3 
Pa transverse 8,7 mm 82 us 
Mı length 29,7 mm 29 mm 29 mm 31,6 mm 
Mı transverse 12,2 mm 11,7 mm 12,6 mm 
Ma length 12 mm 11,8 ma 12 mm 19,6 Ihm 
M2 transverse 9 mm 9° mm 8.8 
M3 length 6,6 mm i 6,8 mm ip 
M3 transverse 5,6 mm + 
Canine (crown) 

sagittal 15,7 mm 14,2 

transverse 10,3 mm 9,8 Br Re is 5 naeh 
Canine length > 47,5 mm 54,4 mm ER 

length of root 29 mm an 


* Only the hindmost root is preserved. 
7 Empty alveole of small dimensions. 
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uppermost part of the right praemaxilla. There 
is only a narrow strip of the palatal portion of 
the maxilla that probably reaches to the suture 
of the palatal process of the palatine, whereas its 
foremost part perhaps extends to the suture of 
the praemaxilla. The infra-orbital foramen is 
missing. The right canine is preserved, but about 
3 cm of the front of its alveole has broken off. 
All the premolars are missing, but in the maxilla 
are two of the alveoli of one of these teeths. 
Behind these are the front walls of two alveoli 
situated abreast. Therefore these must be part of 
the alveoli of the two foremost roots of the car- 
nassial (P,) of the maxilla. So the two other 
alveoli must be those of P;. Between the alveoli 
of P3 and the canine is a very small pit, evidently 
the much reduced alveole of Pa. It seems to be 
proof that the animal must have lost this premo- 
lar while living. 

The canine is robust. Its length is 115,7 mm, 
the utmost top is missing as it has been slightly 
worn down. The length of the crown is now 50,3 
mm. The maximal transversal diameter is 20,6 
mm and the sagittal diameter is 30,5 mm. The 
enamel cap has been damaged a little, but we can 
see clearly that a narrow but distinct thickened 
zone extends along the back wall of the crown. 
At the left side of the front is a thickened part. 
It is not distinct, however, because the enamel 
there is missing locally. At the left side of the 
root is a thickening long 13,8 mm, the transverse 
diameter is 5,7 mm and its height is about 2 mm. 
Its form is not unlike a bean, possibly it is some- 
thing formed there by chance. The canine is 
slightly recurved, seen in front it is slightly sig- 


263 


moidal. The angle between the front of the prae- 
maxilla and the alveolar border of the maxilla 
is 55°—56°. This is important because it exclu- 
des the possibility that the present maxilla 
belongs to a cave bear (Ursus spelaeus Rozem. et 
Heinz) where this angle is about 20°—30°. Its 
muzzle therefore is sharper. In the skull of Ursus 
arctos Linn. this angle can become 50° as appears 
from Reynolds’ figures and in the skull of Ursus 
eiruscus Cuv. it varies from 35°—40°. Further- 
more in the upper jaw of the cave bear the 
canines are not placed in the maxilla rather 
steeply but very much inclined at an angle of 
about 125° with the alveolar border (Reynolds, 
1906, pl. 1). In the skull of Ursus arctos the same 
angle has a comparable value (Reynolds, 1906, 
pl. 3 and 4), but in Ursus etruscus it may be as 
large 130° (Viret, 1954, pl. 2 and 3). 

For the fossil maxilla of Ellewoudsdijk this 
angle is about 105°, the same value we find for 
the skull of a lioness from Caje in Portuguese 
East Africa (No. 1781, Rijksmus. of Nat. Hist., 
Leiden). 

The dental formula of the fossil maxilla from 
Ellewoudsdijk is similar to that of a lion, but it 
is markedly different from the dental formula of 
the upper jaw of a bear. The Ellewoudsdijk ma- 
xilla therefore belongs to a lion. 

The canines of the upper jaw of a cave bear 
and this fossil lion canine can have about the 
same dimensions. In the collections of the Teyler 
Museum at Haarlem I measured three loose 
canines of cave bears varying in length from 
115—117 mm. The transversal diameters range 
between 15 and 24 mm, whereas the sagittal 


Fig. 1 — Left ramus of Canis lupus Linn. from the Westerschelde. 


About nat. size. (Foto C. van Werkhoven.) 
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‚diameters range from 32 tot 34 mm. A canine 
of Ursus arctos is smaller and has a length of 
about 85 mm (Reynolds, 1906, pl. 6, fig. 1). A 
few slight differences exist between the fossil 
maxilla and that of the lioness just mentioned, 
but these are not very conspicuous and may part- 
ly be due to variation. Seen from aside the prae- 
maxilla of the fossil specimen protrudes 6,5 mm 
beyond the maxilla along the nose cavity, where- 
as is does so only 4 mm in the lioness skull. 
Obviously the praemaxilla of the fossil specimen 
reaches higher up along the maxilla before it 
meets the nasal bone, as there are no indications 
of the suture with this bone, that is missing. 

Only a few measurements of the maxilla can 
be given and it seems that generally spoken the 
fossil skull can have had about the same dimen- 
sions as the skull of the recent lioness, it may 
even have been somewhat smaller. Of course 
nothing can be said about the sex as there are no 
sexual characteristics left. 

The distance of the foremost wall of the 
alveole of P, (the missing carnassial) to the back 
wall of the alveole of the canine of the fossil is 
46,6 mm, at the skull of the lioness it is 51 mm. 
The distance of foremost alveole of P3 to the 
alveole of the canine is 17 mm and the distance 
of the back wall of the hindmost root of P3 of 
the fossil maxilla is 45 mm, whereas the same di- 
mensions of the recent skull are respectively 24,6 
mm and 49,7 mm. The length of the fossil P3 
must have been 28 mm and that of the lioness is 
25,1 mm. The distance between the front of the 
fossil carnassial to the canine is slightly smaller 
than it is at the skull of the lioness, whereas the 
fossil P, was slightly longer than the recent one. 

The sagittal diameter of the hindmost root of 
P; is at the fossil 13,5 mm and the same dimen- 
sion of the foremost root is 11,5 mm. These 
figures are not much different from those for the 
lioness. These are respectively 13,8 mm and 11,3 
mm, but the latter dimensions cannot be very 
exact because this tooth is firm in its alveole. 


The length of the crown of the canine of the 
lioness is 52 mm, its sagittal diameter is about 
28 mm, whereas its transverse diameter is 19,2 
mm. The total length of the canine cannot be 
given as this tooth is solidely fastenend in its 
alveole. The dimensions of the crown, however, 
imply that both canines cannot be very much 
different in length. 


If we compare the two right canines, the fossil 
one and that of the lioness, with the right canine 
from an upper jaw of a large form of average 
size from Ravens Cliff, Gower, figured by Daw- 
kins and Sanford (1866—1872, plate XI, fig. 5) 
it will be clear that the latter is much more 


Fig. 2 — Right maxilla of a lion from the Wester- 
schelde. About 0.7 of nat. size. (Foto C. van Werk- 
hoven.) 


robust, its length being 131 mm. The length of 
its crown measures 57,8 mm and the maximal 
sagittal diameter is 35,3 mm. The distance of P, 
to the canine of a large animal from the Sandford 
Hill Cave, figured on plate XI, fig. 1, is 56,7 
mm, whereas the largest P, known to the authors 
from Wookey Hyaenaden figured on the same 
plate, fig. 9, is long 29,1 mm. 

A smaller form has been figured by the same 
authors on plates VI—VII and has been col-. 
lected either from Sandford Hill or from the 
Hutton Caves in the Mendip. There the distance 
from Py to the canine is 43,8 mm and the length 
of its P, is 27,2 mm. 

Prof. van der Vlerk kindly informed me that 
the fossil maxilla and its tooth cannot be older 
than Tubantian or Late Pleistocene, but it may 
perhaps be younger, judging from the skiagram. 
Only one bone of a fossil lion has been described 
from this country up to this time, viz. a calca- 
neus. This bone has been drawn up from the 


bottom of the Westerschelde near Breskens. It 
has been specified by Bernsen and afterwards it 
has been mentioned by Van der Vlerk (1939) 
and described by Hooyer (1947). Van der Vlerk 
and Florschütz (1950, 1953) state that the cave 
lion (named there Panthera spelaca Goldf.) may 
have lived here during the Needian and that it 
is possible that the cave lion and the cave bear 
may have lived here together in the Tubantian. 
However the localities do not give sufficient 


proof as to the age of the fossil specimens and . 


as the same species lived in other countries al- 
ready long before the beginning of the Tuban- 
tian we should take into consideration that this 
can have been the case in the Netherlands as 
well. 

Skeletal remains of the cave lion are known 
from several countries, sometimes, e.g. in France, 
Switzerland, Austria and England, from cave 
deposits. The Paris museum has three complete 
skeletons, two of which have been found in caves 
and one in a rock fissure. Moreover remains 
have been found in terrace deposits together with 
those of Ursus spelaeus and Crocuta crocuta 
spelaea. Xet they are not very numerous. Hilz- 
heimer believes (see Koby, 1941) that during the 
Quaternary Period the cave lion was as numerous 
as the lion is now in Africa. Koby, however, does 
not agree herewith. From the presence of the cave 
lion together with the cave bear and the cave 
hyaena we can get some information about the 
time the cave lion has lived here. 

Skeletal remains and cave paintings in France 
show that the cave lion lived in Europe together 
with reindeer, horse, bison, etc. in prehistoric 
time, during the Aurignacian and the Magda- 
lenian, up to the end of the Palaeolithic. It was 
even more numerous during the Mousterian 
(Koby, 1941, p. 180). 

Koby has been able to distinguish two species 
of lions among the cave drawings and the ske- 
letal remains, one large species without a tassel 
at the end of the tail and another species that 
must have been somewhat smaller, about as large 
as the recent African lion, that possesses is tassel 
at the end of its tail. The larger one is the real 
cave lion, whereas the other one resembles the 
African lion. 

In this connection attention should be called 
to an interesting paper by Jaekel (1927) con- 
cerning the cave lion. He describes a small statue 
of a lion made of some bronze and found at 
Tello in Mesopotamia, dating from ca. 1800 
B.C., i.e. from the Sumerian period. 

On its body it has abdundant and long hair, 


but equally interesting is that there is no tassel 
at the end of the tail. The author believes, that 
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it is a statue of an animal belonging to the races 
of the cave lion and that it is a copy after a 
living specimen. The lion of the old Greek 
already had a tassel and must have lived on the 
Balkan up to about 500 B.C. 

However the fossil maxilla from Ellewoudsdijk 
is in my opinion not from the cave lion as its 
canine is not large enough, but from a species 
that after all has to be regarded upon as a smaller 
race that formerly also lived in Europe, one of 
the breed of Felis leo. 
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JOINTING IN THE PERMIAN DOME DE BARROT (SE - FRANCE) - 
A DISCUSSION 


In July 1956 R. D. Schuiling published a 
study on the joint pattern in the permian and 
lower triassic series of the Döme de Barrot (A.- 
M.) in the SE of France. He distinguished two 
joint systems, radial and tangential with respect 
to the centre of the Döme. He assumed that 
these systems originated by the tensile stresses, 
that were evoked by the updoming of the permo- 
triassic strata. 

The Döme de Barrot forms a part of the sub- 
alpine chains (fig. 1). Its geology is described by 
P. Bordet in 19502. This author distinguished 
three tectonic units: (1) Permian-Lower Triassic, 
(2) Muschelkalk, and (3) Jurassic-Cretaceous- 
Tertiary. According to Bordet’s figure 12 (pag. 
37; op. cit.) these units slid down from the Mer- 
cantour culmination in a SSW-direction by grav- 
itational tectonics; each of them responded in a 
different way to the applied stresses. Number 1 
was folded only in the Vignols-St. Sauveur 
region, about 10 km N of the Döme de Barrot, 
number 2 was strongly folded on the N-half of 
the Döme, and number 3 is folded only at the 
S-border of the Döme and farther to the south. 
These three groups of layers are separated by 
lubricating levels of gypsum. 

_Bordet’s idea of a movement from the NNE 
to the SSW in this area fits perfectly in the 
regional tectonic framework. The uplift of the 
Döme de Barrot started during this folding pro- 
cess, and it was a subordinate phenomenon of 
the folding of the sub-alpine chains. 

In Schuiling's paper we find seven diagrams 
(Schmidt’s net projections) of joint and bedding- 
plane poles (pag. 232 and 233; op. cit.). In order 
to make a discussion of the joints possible, first 
a rotation of the bedding planes to a horizontal 
position is needed. The joint poles are simultane- 
ously rotated over the same angles. 


We then see a remarkable phenomenon: in all 
the seven diagrams the strongest concentration 
of joint poles is in exactly the same position at 
the border of the diagrams. They represent al- 
most vertical joints, that strike about NNE— 
SSW (“T” in fig. 2). 

The next-best developed concentration of 
joint poles is also found at the border of the 
diagrams (“L” in fig. 2). We can observe this in 
the diagrams I, II and III. They represent almost 
vertical joints, striking about WNW--ESE, i.e. 
perpendicular to the set of joints mentioned 
above. 


In these two sets of joints we find an indis- 
putable reflection of the regional folding-direc- 
tions, which are WNW-—-ESE (see fig. 1). Be- 
cause the joints are perpendicular to the bedding 
planes, they must have originated in an early 
stage of the folding process, before the uplift of 
the Döme de Barrot. 

With respect to the frame of the folding, 
these joints can be called transversal joints 


je 
1:1.000.000 


Fig. 1 — Major fold trents in the sub-alpine 
mountains of SE-France. 


ur 


Fig. 2 — Schematical collective diagram of the joint 
poles in the Döme de Barrot( measured by Schuiling 
and reduced to a horizontal position of the strata. 
T: Transversal joints, abundant, 

L: Longitudinal joints, many, 

S: Shear joints, few. 


(striking NNE—SSW) and longitudinal joints 
(striking WNW-—-ESE). Together they form the 
“Cloos’ system”; it is generally accepted that the 
joints of this system have a tensile character. 
After the fore-mentioned rotation to a hori- 
zontal position of the strata, Schuiling’s diagrams 
show some other concentrations of joint poles, 
which are of minor importance and also situated 
ar the border of the diagrams (Schuiling’s dia- 
grams I, II, III and VII). They form a system of 
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two sets of joints, making about mutual angles 
of 90°. They are arranged symmetrically with 
respect to the transversal and longitudinal 
joints (“S” in fig. 2). Usually joints with this 
position are considered to be shear joints. They 
too, being perpendicular to the strata, were 
formed in an early stage of the folding process. 

The calcite filling of all the joints, as noted 
by Schuiling, must be considered next. It is ob- 
vious that tensile joints of the-Cloos’ system can 
easily be filled by calcite, barite, etc. Assuming 
that both tensile and shear joints originated 
before the uplift of the Döme, we can expect 
that two things happened during its arching up: 


(1) the shear-joints were opened by tensile 
stresses, and they were filled by calcite then. 
the transversal and longitudinal joints, 
which were already filled by calcite, were 
subjected to small movements, by which 
their filling was discorted in the way shown 
by Schuiling’s figure 4 (pag. 231; op. cit.). 

The abundant transversal joints together with 
the many longitudinal joints form a lattice sys- 
tem all over the Döme (see fig. 3A). 

A lattice system consisting of radial and tan- 
gential joints, as suggested by Schuiling, looks 
quite different (see fig. 3B). The directions of 
the joints of figure 3A and 3B are similar in 
four special cases namely where the radial and 
tangential directions coincide with the regional 
ones (NNE, SSW, WNW and ESE). This simil- 
arity occurs in the NNE-, SSW-, WNW- and 
ESE-sectors of the Döme de Barrot and in these 


(2) 


Centre of the 


Fig. 3 — Pattern of the distribution of the joints in the Döme de Barrot. 


A (left) — according to the present author: 

transversal (T) and longitudinal (L) joints of a 
Cloos’-system, and shear-joints (S), all orientated 
corresponding to the regional stressfield in this part 


of the sub-alpine mountains of SE-France. 

B (right) — according to Schuiling: 
radial (R) and tangential (Ta) joints orientated with 
respect to the local centre of the Döme. 
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“ cases only Schuiling’s view is apparently confirm- 
ed by the facts. Because many of Schuiling’s data 
were collected in these sectors of the Döme, his 
misinterpretation is more easily understood. 
Apart from these microtectonical observations, 
the geological map of the Döme region (Bordet, 
pag. 41) reveals a fault system with a clear pre- 
ference for the NNE—SSW direction, and in 
many places the directions of the Cloos’ system 
of joints is reflected by the erosion pattern. 
Therefore the present author prefers the fol- 
lowing interpretation: In the Permian and Lower 
Triassic strata of the Döme de Barrot a regular 
and common joint pattern originated in direct 
relation with the regional direction of folding in 
this parts of the sub-alpine chains. This pattern 
consists of a dominating Cloos’ system and a 
subordinate system of shear joints. Because these 


joints are perpendicular to the bedding planes, 
we must assume that they were formed in an 
early stage of the folding process. 

The arching-up of the Döme de Barrot took 
place after the genesis of the joints and produced 
tensile stresses, by which the shear joints were 
opened, so that the latter too could be filled by 
calcite. 

A system of radial and tangential joints, as 
suggested by Schuiling, is mainly based on coin- 
cidence only. His conception does not agree with 
the major geological phenomena on and around 
the Döme de Barrot, which all indicate the dom- 
inant influence of the regional alpine stressfield. 


D. VAN HILTEN 


Mineralogisch-Geologisch Instituut, 
Oude Gracht 320, Utrecht. 
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A hundred years of evolution, by G. S. Car- 
ter. x + 203 pp., 4 figs. Sidgwick and Jack- 
son, London 1957. Prijs geb. 21s. 

Op 1 juli van dit jaar is het honderd jaar geleden 
dat voor het eerst aan de wetenschappelijke wereld 
de theorie van de natuurlijke teeltkeus werd aange- 
boden. Dat was door een gezamenlijke mededeling 
van Ch. Darwin en A. R. Wallace in een vergadering 
van de Linnean Society in Londen. De mededeling 
verwekte geen opschudding, er volgde zelfs vrijwel 
geen discussie op, hoewel verscheidene van de aan- 
wezigen, onder wie Lyell, Hooker en Huxley, wel be- 
seften een historische gebeurtenis te hebben bijge- 
woond. De opschudding kwam pas een jaar later, 
toen Darwins boek verscheen. 

Carter, die de literatuur enige jaren geleden reeds 
verrijkte met een algemeen boek over evolutie (hier 
besproken in het oktobernummer van 1952), heeft 
thans ter gelegenheid van het eeuwfeest van het dar- 
winisme een overzicht geschreven van de gebeurtenis- 
sen in het midden van de vorige eeuw en van de ont- 
wikkeling, die de theorie sindsdien heeft doorgemaakt. 
Hij schetst achtereenvolgens de opvattingen vöör het 
verschijnen van Darwins boek, de achtergronden van 
Darwins werk en de essentie van zijn theorie, en de 
ontvangst van The origin of species, zowel bij bio- 
logen als bij het grote publiek. Dit eerste gedeelte 
van Carters boek is dus hoofdzakelijk historisch ge- 
tint. 

In het tweede gedeelte wordt de theorie getoetst 
aan de vele nieuwe gegevens, die in de twintigste 
eeuw beschikbaar zijn gekomen: de wetten van Men- 
del en de latere ontwikkeling van de genetica, oeco- 
logie, paleontologie, etc. In sommige opzichten heb- 
ben Darwins opvattingen geen stand kunnen houden, 
maar het is zeker verrassend om te zien hoe zijn 
theorie na een eeuw nog door vele onderzoekers in 
hoofdtrekken als juist wordt erkend. Carter, die een 
overtuigd neodarwinist is, wijst echter ook duidelijk 
aan waar de zwakke punten in de theorie, en de 
hiaten in onze kennis zich bevinden. Zijn boek is 
een bijzonder geslaagde en aantrekkelijk geschreven 
inleiding tot Darwins opvattingen over evolutie en 
tot de evolutie, die de theorie zelf in honderd jaar 


heeft doorgemaakt. 
A.Br. 


NEW RUSSIAN MAPS 

Tectonic map of the U.S.S.R. and adjoining 
countries. Scale 1: 5,000,000. Editor in chief: 
N.S. Shatskii. Published by the Academy of 
Science of the U.S.S.R., the Ministry of Geo- 
logy and Mineral Conservation, and the Mi- 

nistry of Higher Education, 1956. La 
Eight sheets, 67 x 57 cm., polyconic projection, 

with explanatory notes (in Russian, 78 pp.). 
This map, printed in 82 well-balanced shades of 
colour and with many structural symbols, gives a 
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vivid and detailed structural picture of eastern Euro- 
pe and northern Asia. 

Not only does the map cover an area of 22 mil- 
lion square kilometres, i.e. more than one-seventh of 
the total land surface of the globe, but it also gives 
a structural picture which is so varied that almost 
all the important aspects of the structure and his- 
tory of the earth’s crust are presented within the 
region concerned. 


It is impracticable to review the factual content of 
the map t, but it may be of interest to outline the 
mapping principles on which it has been based. 

The most important characteristic by which the. 
tectonic units are distinguished is the age of folding 
— specifically the time of the last intensive move- 
ments of the geosynclinal type, or, in other words, 
the time at which the geosyncline consolidated into 
the craton. This transition is connected with a com- 
plete change in the type of sedimentation, magma- 
tism, and metallogeny; consequently, the inevitable 
schematization and simplification of the tectonic pic- 
ture has not been arbitrarily effected and is logically 
justified. 

Furthermore, a distinction is made between 
(1) folded areas, 

(2) the platforms or cratons, together with their 
little-disturbed and little-metamorphosed sedi- 
mentary cover, and 

(3) the structures intermediate between the cratons 
and the geosynclinal orogens, such as the mobile 


belts of the shields and the marginal basins of 
the orogens. 


The map therefore differentiates between these 
structural elements according to the following ages 
of folding, each of which is typified by its particular 
basic colour: 

Archaean and Proterozoic folding 


Baikal or Ripheus folding — end Proterozoic/ 
early Cambrian 

Caledonian folding — Lower Palaeozoic 
Hercynian or Variscan folding — Upper Pa- 
laeozoic 

Austric/Laramic folding — Mesozoic 

Alpine folding of the Mediterranean belt — Ce- 
nozoic 


Folding of the Pacifie belt — Cenozoic. 


By the use of various shades of the basic colour 


1 See A. Bogdanoff, Traits fondamentaux de la 
tectonique de I’U.S.S.R. Rev. geogr. phys. et geol. 
dyn., vol. 1, tax. 3 (juillet-septembre 1957). 
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of the relevant age of folding, the rock units folded 
in the subsequent orogenic phases, and other tectonic 
structures, are distinguished. For instance, the Pacific 
Mesozoic folded belt is subdivided, by means of 
various tints of green, into: 


1. Pre-Cambrian rocks in cores of anticlinoria 


2. Cambrian to Lower Carboniferous rocks in cores 
of anticlinoria (1 and 2 are pre-folded in earlier 
ages of folding) 


3. Early Mesozoic orogenic phase (Mid-Carbonife- 
rous to Lower Triassic) 


4. Middle Mesozoic orogenic phase (Middle to late 
Triassic) 

5. Late Mesozoic orogenic phase (Jurassic to Lower 
Cretaceous) 


6. Interior basins (Triassic to Upper Jurassic) 
7. Marginal basins (Upper Jurassic to Cretaceous). 


The structure of the cratons is shown by the 
thickness of the epi-cratonic, non-metamorphic sedi- 
mentary cover. The more deeply the craton surface 
has been downwarped, and the thicker the sedimen- 
tary cover above it, the lighter is the shade of colour 
"used to indicate it. 


This mode of representing structure has been well 
thought out, and has been justified in the explanatory 
notes. However, owing to the fact that the older 
tectonic elements within the younger erogens are in- 
dicated by the basic colour of the younger orogen, an 
unfamiliar situation arises whereby rocks of the same 
age may be shown in entirely different colours. The 
intrusive rocks, however, have one common basic 
colour throughout the whole time scale (for instance, 
red for granite), with gradations of colour and with 
symbols to indicate age. 


As emphasized in the explanatory notes, the Rus- 
sians, on the basis of their mapping, deny the vali- 
dity of STILLE’S canon of short-lived folding phases 
and their world-wide distribution. The tectonic phases 
recognized in eastern Europe and northern Asia have 
a much broader range, and are not everywhere con- 
temporaneous. In particular, the tectonic history in 
the Atlantic-Alpine zone has been found to differ 
markedly from that of the circum-Pacific belt. 


The new tectonic map of the U.S.S.R., together 
with the new geological map on the same scale which 
was made public at the International Geological Con- 
gress in Mexico, shows at a glance what great strides 
the geological knowledge of this region has made 
during the last decades. It also shows the advan- 
tages of planned and co-ordinated mapping of such 
a vast area. It is the intention of the Russian Survey 
to extend the map coverage of the N.S.S.R, by a 
tectonic map on larger scale (1: 2,500,000), on which 
the tectonic style of each area will be represented to 
a greater degree than on this map, and which will 
also show the structure of the sea bed. It is also 
intended to follow up the tectonic map with a me- 
tallogenic map, on which the occurrences of ores and 
minerals in their genetic context will be recorded. 


The style of the Russian tectonic maps, on which 
age of folding of the formations is consistently taken 
as the guiding principe, in rather new in geological 
cartography. The Russian maps differ in their ap- 
proach from maps such as the „Tectonic Map of the 
U.S.A.”, scale 1 :2,500,000 (Ed. A.A.P.G. 1944, re- 
vised 1951) and the „Tectonic Map of Canada”, 
scale 1: 3,802,000 (1950). These maps emphasize ba- 


sins and basin structures, which are shown by means 
of structural contours and indications of folds and 
faults. On the U.S. map only the rocks not be- 
longing to the basin fills are shown in colour, such 
as the Pre-Cambrian of shields and basement rims, 
and also the igneous rocks. 

The famous „Carte tectonique de l’Eurasie” by E. 
Argand (1922; scale 1: 8,000,000 and 1 : 25,000,000) 
may conveniently be considered as the forerunner of 
the Russian tectonic maps, the more so as it covers 
the whole of the U.S.S.R. This earlier map already 
distinguished between stable and unstable areas and, 
within the latter, took age of folding and the for- 
mations involved as the basic principle. 


In maps of the type of the „Carte tectonique de 
la France”, scale 1:2,500,000 (Goguel, 1941), the 
structural elements are mapped, printed in specific 
colours according to their age of folding, but the 
formations effected by these deformations are not 
shown. The Swiss tectonic maps distinguish between 
tectonic units such as autochtonous masses and the 
different nappes. 


The value of the tectonic map of the U.S.S.R., and 
of the system followed in producing it, found inter- 
national recognition in the fact that, at the Interna- 
tional Geological Congress in Mexico, the Russians 
were requested to take direction of the project for 
compiling a 1: 10,000,000 tectonic map of the world 
and, in the first place, to compile the tectonic map 
of Eurasia. 


Geological Map of the U.S.S.R. (1955), Scale 
1: 5,000,000. Editor in chief: D. V. Nalivkin. 
Six sheets, 64 x 56 cm. 

Geological Map of the U.S.S.R. (1956), Scale 
1 :2,500,000. Editor in chief: D. V. Nalivkin. 
Eighteen sheets, 81 x 66 cm. 


In contrast to the tectonic map, the recent geolo- 
gical maps of the U.S.S.R. are, from the point of 
view of mapping technique, in conformity with geolo- 
gical maps customary elsewhere. Consequently, if 
their factual content is left out of account, these 
geological maps call for less comment. The system 
of representation leaves little to be desired. 


All formations are shown in what, from a distance, 
appear to be full colours, which nowhere conflict 
with the international standard scheme. Closer exa- 
mination shows that the great range of colours has 
been obtained by combining full colours with grids of 
differing density and pattern printed in a tint allied 
to the basic colour. As a result it is possible, by means 
of a magnifying glass, to determine patches of dis- 
tinetive colour of the smallest size and hence to 
identify the formations to which they relate. More- 
over, age is indicated by Latin letter symbols. 


Intrusives are distinguished by colour according to 
their composition. Their age is indicated by letters. 
Only in the case of the granites and granodiorites has 
use been made of a scale of colours grading from dark 


carmıne to orange red, according to the age of the 
intrusions concerned. 


Additional symbols, such as dots and dashes, print- 
ed on the formation colours, give details of morpho- 
logy, facies and petrography. 

The 1 : 5,000,000 map does not distinguish any unit 
smaller than the sub-system (e.g. Upper Cretaceous), 
whereas on the 1: 2,500,000 map, series are also 


. 
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shown where possible. Delineation here is in more 
detail generally, and in some parts the geology has 
been substantially revised. 


Atlas Mira (Atlas of the World), edited by 
the Board of Geodesy and Cartography of the 
Ministry of the Interior of the U.S.S,R., 283 
pages of maps, 50 x 31 cm., with separate 
index. Moscow, 1954. 

Another outstanding performance of Russian car- 
tography is the new Russian World Atlas. Although 
full attention has been given to the territory of the 
U.S.S.R. (76 pages of maps) the world outside Rus- 
sia has also been adequately represented, so that 
the atlas can certainly bear comparison with the best 
West European atlases, such as those of Andree, 
Stieler, The Times and Touring Club Italiano. 'The 
Russian work is almost entirely an atlas of physical 
geography. The maps are coloured in hypsometric 
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tints, generally one layer colour for every 500 m. of 
difference in height but with variations according to 
the needs of the specific map. In this scheme, a well- 
balanced range of stades of three colours only, has 
been chosen namely in upward direction: dark to 
light blue (sea), dark to light green (plains) and 
buff to brown (hills and mountains). On the detail 
maps „shadowing” in violet has been added, in order 
to increase the effect of relief. 


Letters are of rather small size but well cut and 
clearly reproduced which prevents the maps to be 
overloaded with printed matter, as a consequence, 
they make a restful and lucid impression. 


The Cyrillic alphabet has been used exclusively, 
and text is in Russian only; these features detract 


. from the usefulness of this beautiful atlas in the 


non-Russian world. There are rumours, however, 
that an English edition will follow. 
H. Boisseyain 


GEOLOGISCH EN MIJNBOUWKUNDIG NIEUWS 


UIT HET JAARVERSLAG VAN HET STOFINSTI- 
TUUT VAN DE GEZAMENLIJKE STEENKOOL- 
MIJNEN IN LIMBURG 


Stofbestriiding in de ondergrondse werken der mijnen 


De waterinfusie in de kool had de 
voortdurende belangstelling van het Stofinstituut. De 
Franse apparatuur (Octrooi Jerusel) om de waterin- 
fusie bij drukken tot 100 atmosfeer toe te passen, 
vond toepassing op verscheidene plaatsen, waar de 
waterinfusie onder lagere druk niet doenlijk bleck; 
aan soortgelijke Duitse apparatuur werd aandacht be- 
steed. Voorbereidingen werd getroffen om bij wijze 
van proef de waterinfusie in de kool in lange boor- 
gaten en bij hoge drukken, tot meer dan 200 atmos- 
feer, toe te passen. ß 

De toepassing van de waterinfusie in de kool in 
pijlers is in het verslagjaar in vergelijking met de 
voorafgaande jaren nog gestegen en heeft thans een 
peil bereikt, dat waarschijnlijk niet noemenswaardig 
meer kan worden overschreden; de cijfers zijn voor 
resp. 1955, 1956 en 1957: 6313 ®/o en 63 %/o en 68,7 ?/o 
der pijlers. Het percentage van de totale pijlerlengte, 
waarin waterinfusie in de kool werd toegepast, was 
zelfs rum 70 0. 


Voor het achterwege laten van de waterinfusie in de 
kool in de overige ruim 30 procent van de pijlers 
gelden diverse redenen, o.a. overbodigheid ervan bij 
voldoende vochtige koollagen, speciaal dicht onder 
het dekterrein, ongunstige eigenschappen van het 
vloergesteente, en slechte dakverhoudingen. Soms is 
de kool zo vast, dat zij het water niet opneemt. Soms 
is de kool zo brokkelig, dat de injectiegaten niet 
voldoende kunnen worden afgesloten; ook dan is de 
waterinfusie in de kool niet mogelijk en moet men 
zijn toevlucht tot andere stofbestrijdingsmaatregelen 
nemen. 

Over de vraag, in welke verhouding de waterin- 
fusie in de kool in de onderscheidene soorten pijlers 
op het einde van 1957 werd toegepast, verschaft 
tabel I inlichtingen. 

Opgemerkt zij, dat de koolwand in vele gevallen 
tweemaal geinjecteerd werd, om de uitdrogende 
werking van de ventilatielucht tegen te gaan. 

De waterinfusie in de kool werd in toenemende 
mate op voorbereidingsposten toegepast. Door de 
gunstige invloed van de waterinfusie op de kool werd 
het schieten in de kool vaak overbodig. 

Het onderzoek over natte afbouwhamers 
werd in het verslagjaar voortgezet. De proeven we- 


TABEL I 
ee totale aantal met 0/ aantal zonder 0/ 

soort pijler aantal waterinfusie . waterinfusie n 
omlegpijler 59 39 66,1 ” 123 
schuifpijler 48 39 81,3 E 12 
schaafpijler } 43 26 60,5 / > 
schraapbakkenpijler 4 1 25,0 , 

154 105 68,2 49 31,8 
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zen zonder uitzondering op een hoog stofbestrijdings- 
effect van 60—90 %/o voor die gevallen, waarin uit- 
sluitend stofvorming door het gebruik van afbouw- 
hamers werd gemeten. { 

In een schuifpijler met drie kooldiensten, waarin 
waterinfusie in de kool en natte afbouwhamers wer- 
den toegepast, werden op verzoek van het betreffen- 
de bedrijf de uitgevoerde metingen herhaald bij toe- 
passing van waterinfusie, maar zonder gebruik van 
natte afbouwhamers. Tabel II geeft een overzicht 
van de meetresultaten. 


een routine-maatregel geworden. De werking van 
calciumchloride berust op zijn hygroscopische eigen- 
schappen; het trekt water uit de lucht aan, totdat er 
een evenwicht tussen de waterdampspanning van de 
lucht en die van de gevormde calcium-chloride-op- 
lossing bestaat. Deze calciumchloride-oplossing door- 
drenkt de vloer en bindt het hierop rustend stof ook 
nieuw gevormd stof, dat op de vloer terecht komt, 
wordt gebonden en kan dan niet meer worden opge- 


dwarreld. ‘ | Y 
In een rapport voor de technische diensten der mij- 


TABEL U 

nr. pijleronderzoek nr. A nr. B 

1 waterinfusie ja ja ja ja ja ja 

2 natte afbouwhamers ja ja ja neen neen neen 

3 kooldienst a b c a b c 

4 stofconc. mg/m? 81 54 78 79 146 206 

5 as, gew. —"/o 18 27 21 24 25 22 

6 kwarts, gew. —/o 2 334 214 217 234 213 

Y stofconc. eff. mg/m? 27 25 28 36 48 65 

8 gew. —Ylo < 5u 24 23 25 29 21 24 

9 gew. —/o <10u 53 48 48 44 45 48 

10 fine fractie in %/o vlg. 

11 metingen met tyndallosc. 43 60 48 47 40 45 

12 categorie (gravimetr.) III II III III IV IV 

13 categorie (tyndallosc.) I1/III III III III III III/IV 

14 categorie (eff. mg/m?) II II II III IV IV 
BE RES ee we nd N men una le. nie sides We Zah 7 Te Fr a a ae en 
a = ochtenddienst; b = middagdienst c = nachtdienst. 


Voor de begrippen eff.mg/m? en categorie zie men bij 
„Algemene ondergrondse problemen.” 


Uit de resultaten der metingen blijkt het gunstige 
resultaat van de toepassing der natte afbouwhamers. 
Belangrijk is, dat ook het fijnste stof doeltreffend be- 
streden is, en dat de stofbestrijding van steenstof 
minstens zo goed was als die van kolenstof. 

Het zeer gunstige stofbestrijdingseffect van de natte 
afbouwhamers hing in dit geval samen met de uitdro- 
gende werking van de ventilatielucht, die het stof- 
bestrijdingseffect van de waterinfusie in de tweede 
kooldienst, meer nog in de derde kooldienst, verloren 
deed gaan. 

Het aantal in bedrijf zijnde natte afbouwhamers 
is in de Nederlandse mijnen nog steeds stijgende; ta- 
bel III geeft een overzicht over de laatste jaren. 


TABEL III 
h aantal in gebruik zijnde natte 
jaar 
afbouwhamers 

1954 542 

1955 783 

1956 1068 

1957 1414 


Natte afbouwhamers vinden toepassing bij het na- 
breken van droog dakgesteente en zijwanden van 
steengangen en galerijen, en bij het maken van vloer- 
gaten voor de plaatsing van de ondersteuningen. Zij 
worden voorts toegepast op voorbereidingsposten, 
speciaal daar, waar het gesteente moet losgemaakt 
worden zonder dat men erin schiet. Zij worden ten 
slotte in toenemende mate gebruikt in pijlers. 

Calciumchloride wordt in de Nederlandse mijnen 
sinds ongeveer 1938 voor het stofvrij ma- 
Keeinten steofyrj houden van de 
vloer vansteengangen en galeriien 
toegepast. Deze toepassing is in de meeste mijnen 


nen behandelde het Stofinstiuut de volgende aspecten 
van de consolidatie van de vloer van transportwe- 
gen, zoals de genoemde behandeling met calciumchlo- 
ride wordt aangeduid: de eerste behandeling met 
calciumchloride, de nabehandeling met calciumchlo- 
ride, andere procedes voor de consolidatie van de 
vloer, t.w. water, keukenzout, calciumchloride-pasta 
en magnesiumchloride (alle minder gewaardeerd dan 
de consolidatie van de vloer met calciumchloride), 
de beperking van de toepassing van de genoemde be- 
handeling (zwerfstromen in vervoerwagen met elek- 
trische traktie) en de toestand zonder toepassing van 
de consolidatie der vervoerwegen. Tenslotte werd de 
vraag opgeworpen, wanneer een eerste behandeling 
cf een herbehandeling van vervoerwegen met cal- 
ciumchloride nodig is; vaststaande normen, gebaseerd 
op cijfermateriaal, zullen daarvoor nog worden ge- 
geven. 

De consolidatie van de vloer van vervoerwegen 
wordt in de Nederlandse mijnen veel toegepast; zij is 
echter in het verslagjaar t.o.v. vorige jaren wat te- 
ruggelopen. Tabel IV geeft een overzicht van de 
toepassing van deze maatregel in de laatste jaren. 


TABEL IV. 
. km vervoerweg gebruik aan 
Cu behandeld CaCla (kg) 
1954 96 —— 
1955 120 560.000 
1956 126 574.000 
1957 111 457.800 


Het in het vorig jaarverslag genoemd onderzoek 
over de stofbinding aan de wand 
van vervoerswegen met behulp van cal- 
ciumchloride-pasta werd voltooid. Door deze behan- 


deling kan een zone gemaakt worden, die de voort- 
planting van stofexplosies kan tegenhouden, en wor- 
den houten ondersteuningen moeilijk brandbaar ge- 
maakt; het gebonden stof is voorgoed onschadelijk 
gemaakt. Het onderzoek leerde, dat het aan de pasta 
gebonden stof fijn was; 21 gewichts-%/o was kleiner 
dan 5 micron, 48 gewichts-%/o kleiner dan 10 micron. 
Volgens globale gegevens was de beginconcentratie 
van het stof in de lucht 250 & 350 mg/m® en werd het 
stof over een lengte van 100 meter voor 30 & 40 %o 
gevangen. Een der (van een Duitse mijn afkomstige) 
monsters, dat van een ijzeren stijl was genomen had 
een vrij hoog ijzergehalte hieruit werd afgeleid, dat 
de pasta in dit geval corroderend had gewerkt. 
Bij de verhoudingsgewijze hoge stofconcentraties 
van de lucht heeft de calciumchloride-pasta veel stof 
gevangen, waarvan een aanzienlijk deel fijn was. Ge- 
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hoopt wordt, de proeven te kunnen herhalen bij een 
lage beginconcentratie van het stof in de lucht. 

Het Stofinstituut liet wederom enige stofmas- 
kers door buitenlandse instituten onderzoeken; de 
resultaten van deze onderzoekingen bevestigen, dat 
door de maskers veel stof gevangen wordt. Men is in 
overleg met firma’s steeds bezig, de stofmaskers te 
perfectioneren. 

Ondanks de uitgebreide stofbestrijdingsmaatrege- 
len, die in de Nederlandse mijnen in het verslagjaar 
werden genomen, werden stofmaskers in de onder- 
grondse werken der mijnen veel gedragen. Het aan- 
tal gedragen stofmaskers was op het einde van dat 
jaar 7754 dat betekent, dat in ruim 30° der op- 
gekomen diensten stofmaskers werden gedragen, op 
een der mijnen zelfs in bijna 70° dezer diensten. 
Tal van mijnwerkers vroegen zelf stofmaskers aan. 


Tabel V 


tyndalloscoopwaarde bij de aangegeven percentages gloeirest 


hoek van aflezing 


) 

10 
27 6 
PH 8 
Sarg? 10 
BE 43 14 
Bas 47T 18 
48,7. 52 22 
RR 26 
SEN) 30 
ee wi 36 
re 42 
DT 47 
Ta 0087 52 
Ir e8,7 58 
88 — 92 65 
ee 71 
9.8 102 79 
63 107 87 
10.8.0 11:2 94 
sus la17 103 
11,8 — 12,2 110 
A230 12,7 119 
12,8 — 13,2 127 
3137 135 
13,8 — 14,2 144 
GA3r 25147, 152 
148.2 15:2 161 
15,3 — 15,7 170 
15,8 — 16,2 179 
16.3, —.16,7 189 


16,8 — 17,2 199 
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Aan het onderhoud van de maskers werd steeds 
bijzondere zorg besteed. In toenemende mate werden 
maskers met z.g. weggooibare filters gebruikt, dat zijn 
filters, die na &&n dienst gebruikt te zijn, worden 
weggegooid. 


Algemene ondergrondse problemen 


Het Stofinstituut heeft zich in het verslagjaar 
intensief met deindeling van werkpunten 
(voornamelijk de pijlers) in categorieön op grond van 
de stofverhoudingen, bezig gehouden. Enerzijds moest 
bij de opzet ervan rekening gehouden worden met 
de vooralsnog onvoldoende medische kennis van de 
silicose, zodat aan de genoemde indeling geen strikt 
medische betekenis kan worden gehecht. Van de an- 
dere kant zijn er feiten, waarmede ter dege reke- 
ning kan worden gehouden; zo betekent meer stof 
meer kwarts, meer minerale bestanddelen en fijnere 
verdeling van het stof kans of meer kans op sili- 
cose. 

Het Stofinstituut introduceerde een indeling van 
de pijlers en andere werkpunten op grond van de 
stofverhoudingen, die bij de routine-stofmetingen met 
een gravimetrisch stofmeetapparaat en met de tyn- 
Jalloscoop werden gemeten; deze indeling geschiedde 
in vier categorieen. 

Grafiek I geeft deze indeling voor de gravimetri- 
sche routinestofmetingen; in deze grafiek is horizon- 
taal het asgehalte van de stofmonsters uitgezet en 
vertikaal de gemeten stofconcentratie, uitgedrukt in 
mg/m?. Er zijn vier categorieen I, II, II en IV, die 
op de grafiek zijn aangegeven. Categorie I duidt de 
gunstigste stofverhoudingen aan, en categorie IV de 
ongunstigste. Categorie I is nog onderverdeeld in de 
categorieen Ia en Ib. 

Grafiek II geeft de indeling in categorieen voor de 
routinestofmetingen met de tyndalloscoop met geslo- 
ten kamer; deze indeling is overgenomen van het 
Oberbergamt Bonn. In deze grafiek is vertikaal de 
afgelezen hoekwaarde uitgezet en horizontaal het 
asgehalte van het stof. Ook hier zijn er vier cate- 
gorien, I, II, III en IV, die in de grafiek zijn 
aangegeven. Tabel V geeft dezelfde indeling voor de 
routinestofmetingen met de tyndalloscoop; in deze 
tabel zijn de bij de vertikaal uitgezette hoekwaar- 
den en de horizontaal uitgezette asgehalten de tyn- 
dalloscoopwaarden vermeld. 

Voor de bewerking van de resultaten van de bre- 
der opgezette stofmetingen heeft het Stofinstituut 
een nieuw begrip geintroduceerd, namelijk een stof- 
index,, uitgedrukt in effectieve milligrammen (eff. 
mg/m?), in analogie met het welbekende begrip effec- 
tieve temperatuur. Bij de vaststelling van de effec- 
tieve mg wordt uitggaan van de bekende medische 
opvattingen over de schadelijkheid van stof, die hier- 
boven reeds aangeduid zijn. Voor de stofindex is de 
volgende definitie gegeven: 

„De stofindex is het gehalte in mg aan fijn stof, 
kleiner dan 5 micron, per m? lucht, waarbij aan de 


componenten van het stof, met name aan kwarts, 
aan andere minerale bestanddelen tezamen, en aan 
kolenstof vermenigvuldigingsfactoren worden toege- 
kend, namelijk resp. 5, 3 en 1. Dat betekent, dat bij 
een stofconcentratie van de componenten van X mg 
fin kwarts, Y mg andere fijne minerale bestandde- 
len en mg kolenstof per m? lucht de stofindex 5 X 
+3 Y + Z is deze index wordt uitgedrukt in 
aantal effective milligrammen per m? lucht, afgekort 
eff. mg/m?.” 

Uit deze definitie blijkt, dat bij de opstelling ervan 
bepaalde grondgedachten over de schadelijkheid van 
stof, neergelegd in de gesteente-atlas van her Sili- 
kose-Forschungsinstitut te Bochum, zijn overgeno- 
men. 

Met betrekking tot het stofgehalte van de lucht, 
daarbij rekening houdend met de aard van het stof, 
worden drie grenzen voorgesteld, en zijn er dus 
vier categorieen van pijlers. De grenzen van de 
stofindex zijn voorlopig, 15, 30 en 45 eff. mg/m?, 


Bij de stofstudie maakte het Stofinstituut regel- 
matig van het Hexhlet-apparaat gebruik. 
Bij dit apparaat wordt grof stof en een deel van het 
fine stof in een sedimentatiecel afgescheiden; het 
grootste deel van het fijne stof wordt in een hulzen- 
filter opgevangen. De moeilijkheid van het isoleren 
van het stof uit dit filter noopte tot de vervanging 
ervan door een oplosbaar filter. In samenwerking 
met het Centraal Proefstation van de Staatsmijnen 
in Limburg werd intussen hulp-apparatuur ontwik- 
keld, waarmede het mogelijk is, het stof praktisch 
kwantitatief uit het hulzenfilter te verwijderen. 


Van stof, dat onder verschillende bedrijfsomstan- 
digheden bij stofmetingen gewonnen werd, werden 
elektronenmicroscopischeen mi 
ceroscopische foto’s gemaakt. E£n in- 
teressant aspect kwam door de eerstgenoemde foto’s 
naar voren, nl. het feit, dat ultramicroscopisch stof, 
kleiner dan 0,2 micron, in veel gevallen niet of slechts 
sporadisch voorkwam. Voor deze gevallen heeft het 
dispuut over een eventuele (extra) schadelijkheid van 
het ultramicroscopische stof geen betekenis. 


Het Stofinstituut werd zowel van de zijde der mij- 
nen als ook door andere autoriteiten in den lande 
herhaaldelijk geraadpleegd over het werk var de 
z.g. preventie-arbeiders en over andere 
vraagstukken, die met de silicose samenhangen. 

Aan de mijnondernemingen werd geadviseerd, de 
preventie-arbeiders, die nog ondergronds mogen wer- 
ken, op plaatsen te zetten, die met betrekking tot de 
stofverhoudingen tot categorie I behoren; ‚desnoods’ 
kunnen zij op werkpunten van de categorie II wor- 
den geplaatst. Dat betekent, dat men niet onmiddel- 
ljjk tot hun overplaatsing behoeft over te gaan, indien 
een werkpunt van categorie I door bepaalde oorzaken 
in categorie II komt; men kan dan afwachten, of de 


toestand ter plaatse met betrekking tot het stof weer 
gunstiger wordt. 


GREPEN UIT DE OCTROOILITERATUUR 


Samengesteld uit gegevens verstrekt door de Octrooi-Afdeling van de Staatsmijnen in Limburg 


WRIJVINGSSTIJLEN 


Voor een buisstut met langsgedeelte bovenstut heeft 
W. Reppel een hydraulische bediening van het slot 
ontworpen. Het slot bestaat uit de insleepwiggen die 
de binnenstuthelften tegen de buitenstut drukken en 
een wig die d.m.v. een stang verbonden is met een 
zuiger in de onderstut. Door drukvloeistof in een 
ruimte onder de zuiger te persen zal de wig tussen 2 
wiggen gedreven worden waardoor het slot gespannen 
wordt. Dezelfde firma construeerde een hydraulisch 
slot voor een buisstut, dat aan het ondereinde van 
de binnenstut is bevestigd en bestaat uit drukstukken 
bijeengehouden door zuigerveren. In de ruimte tussen 
de als gesloten halve cilinders uitgevoerde drukstuk- 
ken is een balg geplaatst, waarin een drukmedium 
kan worden toegelaten, waardoor de drukstukken 
uit elkaar gedreven worden en zich in de buitenstut 
vastklemmen (D.A.S. 1.022.990 en D.A.S. 1.022.991). 


Voor het zetten van zijn buisstut maakt A. Schwarz 
gebruik van twee zetwiggen en een inzetstuk dat 
d.m.v. een pen in het ondereinde van de bovenstut 
is bevestigd. Het inzetstuk bestaat uit een dubbel T- 
vormig lichaam met een bovenste en benedenste 
bodemplaat met in het lijf een sleuf voor de bovenste 
wig. De benedenste flens is groter zodat hierop de 
bovenstut rusten kan. Voor geleiding van de onderste 
zetwig zijn ribben aangebracht. De op de bovenstut 
uitgeoefende krachten liggen centraal, terwijl het in- 
zetstuk goed geleid is (D.A.S. 1.023.437). 


GALERIJ-ONDERSTEUNING. 

Becorit Grubenausbau G.m.b.H. ontwierp een ver- 
binding der galerijbogen in de lengterichting van de 
galerij waarbij om de bogen gesloten ringen worden 
geplaatst waaraan de trekstangen met inkepingen 
aangrijpen voor het opnemen van de trek. De druk 
wordt door steunen der trekstangen met de uiteinden 
tegen het profielljf opgenomen (Belg. O.S. 560.852). 

Een andere druk- en trekvaste verbinding van de 
I-profielvormige galerijbogen wordt door dezelfde 
firma verkregen door gebruik te maken van pijpstuk- 
ken die aan de uiteinden gesloten zijn door een opge- 
last plaatje voorzien van een gat. Het ene eind wordt 
voorzien van een bout en het andere van een moer. 
De bout wordt door een gat in het lijjf van de onder- 
steuning uit I-profiel gestoken zodat er aan de andere 
zijde het moereinde van de volgende verbindingspijp 
opgedraaid kan worden (D.G.M. 1.759.815). 


J. Usspurwies ontwierp een inschuifbare voet voor 
een galerij-profiel, die bestaat uit de inschuifkast met 
houten klos. Het inschuifeinde van het profiel is 
voorzien van sleden, die ook aan b.v. versleten rail- 
profielen vastgezet kunnen worden en toch onafhan- 
kelijik van de maatafwijkingen een gelijkmatige in- 
schuifweerstand waarborgen (D.G.M. 1.759.016). 

Een inschuifbare voet van Fa. A. Klönne bestaat 
uir twee beugels die gedeeltelijk om het inschuifeinde 
van het profiel d.m.v. bouten en moeren zijn geklemd. 
De beugels zijn op een losse voetplaat geplaatst, welke 
van strippen met een gat is voorzien. Wanneer het 
profiel tot op de voetplaat ingeschoven is, wordt het 
aan de strippen bevestigd zodat de beugels wegge- 
nomen kunnen worden (D.G.M. 1.759.816). 

W. Reppel ontwierp een galerij-ondersteuning 


waarbij gebruik gemaakt wordt van gootprofielen 
zonder verdikte rand. Om een grotere sterkte en ge- 
lijke weerstandsmomenten in beide assen te krijgen 
zijn de profielen op de plaäts waar ze elkaar over- 
lappen aan de top van dwarsribben of langsgroeven 
voorzien. Door klembanden, strippen of manchetten 
worden de profielen met elkaar verbonden (D.A.S. 
1.022.988). 

Bij een scharnierend nokgewricht bestaande uit 
twee helften, die ieder afzonderlijk aan een galerij- 
profiel zijn bevestigd, worden de afzonderlijke, over 
elkaar rollende delen door A. Kläsener van een groef 
en een rug voorzien, welke overeenkomen met een 
rug en een groef van de andere helft. Deze groef en 
rug kunnen op verschillende manieren zijn aange- 
bracht, b.v. in V-vorm, evenwijdig naast elkaar, 
kruiselings of gebogen. Door deze constructie wordt 
afglijiden van de delen voorkomen. Het nadeel van 
groeven en ruggen op de bolvormige zijde van de 
gewrichtsdelen is, dat het gewricht gemakkelijk los- 
raakt, wanneer het scharnierpunt in de richting van 
de galerij verschuift. Dit voorkomt H. Lutz door de 
zijtlanken van de gewrichtsdelen van een vertanding 
te voorzien, welke loodrecht op de bolvormige schar- 
niervlakken is aangebracht. Deze tanden zorgen voor 


de vergrendeling (D.A.S. 1.018.014 en D.A.S. 
1.018.822). 
SCHACHTBEKLEDING 


G.H.H. ontwierp een verankering van binnen- en 
buitenmantel van een dubbelwandige schachtbekle- 
ding in het tussenbeton. Tegen de buitenmantel 
worden met &en flens stukken H-profiel zodanig 
vastgelast, dat de afgesneden vlakken van het pro- 
fiel verticaal staan. Zij dienen voor het opnemen der 
radiale krachten. Tegen de binnenmantel worden 
stukken H-profiel met een afgesneden vlak zodanig 
vastgelast, dat de flenzen verticaal staan. Deze laat- 
ste dienen voor het opnemen der tangentiale krach- 
ten (Belg. O.S. 561.593). 

Voor de verankering van binnen- en buitenmantel 
met het tussenbeton of bij enkelwandige bekleding 
met het achterbeton maakt A.G. für Unternehmungen 
gebruik van T-profielen die met het uiteinde van 
het lijff aan de ringen zijn gelast. Deze uiteinden zijn 
voor het vergroten van het verbindingsvlak opge- 
stuikt zodat ze met een K-las aan de ringen kunnen 
worden bevestigd (D.A.S. 1.021.307). 

Bij een schachtbekleding van dezelfde firma wor- 
den op een platform boven de schacht de ringen op- 
gebouwd uit twee of meer stukken, waarna zij door 
de helften van het platform weg te rijden in de 
schacht worden gelaten, zodat de bekleding van 
onderen af opgebouwd wordt. De bekleding kan 
enkel- of dubbelwandig zijn, waarbij binnen- en 
buitenringen de halve hoogte t.o.v. elkaar verschoven 
ziin (Belg. O.S. 560.948). 

Een bekleding voor een blinde schacht van Esch- 
weiler-Bergwerksverein A.G. wordt gevormd uit, zo- 
als de tekening laat zien, stukken I-profiel of stalen 
buis, eventueel gevuld met beton, die zo gevormd 
zijn dat ze een doorlopende schroeflijin vormen. Er 
wordt geen verbinding tussen de opeenvolgende gan- 
gen van de schroef aangebracht en de stukken wor- 
den op hun plaats gehouden door in het gebergte 
aangebrachte ankerbouten (D.A.S. 1.022.176). 
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SCHIEDAM 


TELEFOON ROTTERDAM 
69030 (4 L) 69420 (4 L) 


GELEEN 


TELEFOON 3345.3346 


SERVICEBEDRIJF VOOR 
DE MIJNEN 


SKIPVERVOER 
BOVENGRONDSE- 
KOLENVERWERKING 


WASSERUEN,SYSTEMEN STAMICARBON 
O.A. STAATSMIJNEN CYCLOON- EN 
DRIIFWASPROCEDE’S 


MECHANISCHE KOOLWINNING 


O.A. SCHRAPER- EN SCHAAFINSTAL- 
LATIES 


TRANSPORTINRICHTINGEN 


MULTISCHAAFINSTALLATIE 


Leveranties in: 
Nederland, Belgie, Frankrijk en Engeland 


ImsYsrechs he/ jaar 1082... 


...trokken mijnpaarden de wagens met het zwarte goud door de 
gangen der mijnen en werden de liften nog met handkracht be- 
wogen. De elektriciteit vond ook toepassing in het mijnbedrijf: 
krachtige elektromotoren vonden als het ware hun weg in en 
om de nijvere wereld, die mijn heet. 

Het ontwerpen en het vervaardigen van generatoren, tractie- 
motoren, motoren voor ophaalmachines, pompmotoren et- 
cetera; omvormers en apparaten voor het mijnbedrijf en aan 
verwante industrieän alsmede het installeren ervan is het werk 
van SMIT-SLIKKERVEER. 


Diesel-elektrische lokomotief voor de Staatsmijnen. 


Het elektrische gedeelte werd vervaardigd door SMIT-SLIKKER 


GENERATOREN MOTOREN APPARATEN 


R 
T5JAAR 
S 
COMPLETE UITRUSTINGEN EN INSTALLA- 


VIERTRAPS TU 


voor de luchtvoorziening van een miinbedrijf. 
Totale capaciteit: 72.000 m’/h, einddruk: 7 ato. 
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Vertegenwoordigers voor Nederland: 
N. V. Handels- en Ingenieursbureau 


W. B. VAN DEN BERG 


's Gravenhage - Fruitweg 240. 
Tel.: 614041 


. wij bedoelen bij het mengen van Uw beton met CEMIJ-cement. 
Want wel wordt door veel water de betonspecie gemakkelijker 
verwerkbaar, maar .... elk te veel aan water vermindert de 
sterkte, de weerstand tegen afslijting en de dichtheid. Bij koud 
weer begint de verharding later. Bovendien wordt de krimp van 
het beton groter naarmate de hoeveelheid aanmaakwater toeneemt. 


watergehalte in procenten 
van het minimum nodige 


toenemend watergehalte geeft 


Ook te weinig water geeft slecht beton. De praktijk leert echter, dalende betonsterkte 


dat zelden te weinig en heel dikwijls te veel water wordt gebruikt. 
Dus: wees zuinig met water!! 


Hierbij een grafiek, die duidelijk laat zien hoe bij toenemend 
watergehalte de druksterkte van het beton daalt. 


van het maximum 


CEM!) -cement: goed voor het grootste miljoenenwerk - goed voor het kleinste huis 


verkoopassociatie enci-cemij n.v. amsterdam 


KETTENFABRIK 
UNNA canon. 


MASCHINENFABRIK GLÜCKAUF . GELSENKIRCHEN 


Dubbelwerkende Aluminium Omdrukcylinders voor 
kettingtransporteurs 


BE 530 ka ( 400 mm 
P bij 4 ato. | 
ET ang, _ Faglendle ya nm 


gewicht 130/400 19 kg - hoogte 155 mm - breedte 230 mm 
gewicht 130/800 28 kg - hoogte 155 mm - breedie 230 mm 
gewicht 200/400 32 kg - hoogte 260 mm - breedte 250 mm 
gewicht 200/800 42 kg - hoogte 260 mm - breedte 250 mm 


Uitschuifbare aluminium schoorstempels 


Vertegenwoordiging: 


INGENIEURSBUREAU „LIMAHA” 
HEERLEN - CAUMERBEEKLAAN 40 
TELEFOON K 4440 - 6392 


- PRINCIPE VAN TELEKTRON 
3 6 Een Telektron-set bestaat o.a. uit 2 membraan-luchtmotoren, welke een 


1 tandwiel aandrijven, nl. 1 motor voor linksom en 1 motor voor rechtsom 
draaien van het tandwiel. 
Het tandwiel (2) wordt op de aan te drijven spil (5) geplaatst en het be- 
vestigingsframe (3) met servomotoren (1) op het huis of frame, waarin de 
spil draait. Door bediening van de luchtschakelklep (4) wordt perslucht 
toegelaten tot &en van de twee motoren. Hierdoor ontstaat een heen- en 
weer gaande beweging van de pal (6) waardoor de pal het tandwiel be- 
weegt in de gewenste richting. Heeft het tandwiel de vereiste stand be- 
reikt (bijv. klep geheel of gedeeltelijk ‚gesloten), dan 
wordt de luchttoevoer afgesloten en de motor ontlucht, 
waardoor de pal vrij van het tandwiel komt. Om het 
DOCUMENTATIE mogelijk te maken zich vanuit het bedieningspunt te 
Indien U belangstel- overtuigen van de stand van de bediende afsluiter of 
ling heeft voor de spil, kan een pneumatische- of electrische standaan- 
Krachten en Mo- wijzer bijgeleverd worden. Deze kan tevens van een 
een de and: automatische stopinrichting voorzien worden. 


wieldiameter, de 


Werkdruk, het type y 
van de Motoren, 5 - er 
zenden wij U op : B 
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vend verstrekt. 


r\ 
Telektron-set 


Geologie en Minboum 


Maandblad van het Koninklijk Nederlands Geologisch-Mijnbouwkundig Genootschap 
Verspreid over de gehele wereld 


Advertentietarieven en bijzonderheden (verspreidingsgebied)wordenop aanvraag toegezonden 


Administratieadres: „Geologie en Mijnbouw” Hofwijckstraat 9, Den Haag, telefoon K*T77001171873 


mMInlocomotieven % Luchtcompressors 


Naamloze W.A. HOEK’s Postbus 78 
Vennootschap MACHINE- EN ZUURSTOFFABRIEK SCHIEDAM 


TELEKTRON SERVO - MOTOREN PNEUMATIS 
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NAAM Ba  DOEDINS’ 
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BEDRIJF : = SERVO-MOTO} 
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FE VE z VOORDELEN VAN TELEKTR 
E De apparatuur vergt practisch geen onderhoud - Robuu 
PLAABS bouwd en bestand tegen ‚ruw bedriff - De productie is | 
u! daardiseerd -  Ongevoelig voor temperatuurwisselingen - 
& Be BIöET. te nn tijde mogeliik - De apparat 
_% 1 SER R h corrosie-bestendig - emakkelijk te installeren - Gema 
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ALLIS-CHALMERS 


TEXROPE 
AANDRIJVINGEN 


TRILZEVEN 


HYDROCONE 
BREKERS 


MODERNE EFFICIENTE MIJINBOUWMACHINES 
- MET LAGE BEDRIJFSKOSTEN. 


Een winstgevend machinepark vereist zorgvuldige planning en keuze 
van alle benodigde machines. 


VRAAGT ONS OM DESKUNDIG ADVIES en HULP 
BIJ UWE MACHINEPROBLEMEN. 


LANGDURIGE ERVARING 


iLINDETEVES nv. 


J. W. BROUWERSPLEIN 20 - AMSTERDAM-Z - POSTBUS 5014 
TELEFOON 793222 


DRILL BITS 


The wide range of Craelius Bits gives the 
possibility of selecting the most suitable type 
and quality for any particular drilling problem. 


|| DRUKKER & Zn. N.V. 


Ringdiik 2 - AMSTERDAM . Phone 67321 
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